D-Glutamic acid (D-glU) inhibited strongly the growth of two strains of Neurospora crassa in a minimal medium. The inhibition was completely annulled by equivalent concentrations of L-glutamic acid (L-glu) or L-glutamine. D-G~u also inhibited glutamate dehydrogenase (GDH) and was only antagonized completely by 10 equivalents of L-glu. D-G~u in media containing L-glu increased GDH-activity, presumably by de-repression. D -G~ showed no effect on glutamine synthetase and y-glutamyl transferase activities. Inhibition of growth of N . crassa by D-glU thus seems due to the interference with glutamate synthesis by inhibition of GDH-activity.
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H. A R K I N AND N. GROSSOWICZ brought to 5 ml. L-Glutamic acid (L-glu) and/or ~-g l u were added in suitable amounts to the medium before sterilization ; sucrose and L-glutamine were sterilized separately (the last by filtration) and added aseptically to the sterile medium.
Strains. Most of the work was done with strain no. I from the collection of the Bacteriology Department which was sensitive to D-gh. Some experiments were done with the wild-type strain no. 262 (STA-4) obtained from Dr B. D. Sanwal (Department of Microbiology, The University of Manitoba, Winnipeg, Canada). Another strain sensitive to inhibition by D-glu was IMI-31288, a mutant which requires p-aminobenzoic acid for growth. Two other strains (~~~3 0 4 . 5 9 and a local isolate) proved much more resistant to D-glU.
Estimation of growth. Each tube was inoculated with 0.2 ml. of a barely turbid spore suspension of the no. I strain of Neurospora crassa prepared from a 48 hr culture grown on Bacto-Neurospora Culture Agar (Difco); the tubes were incubated at 30" for 2 to 3 days in a sloped position of 15" above horizontal to ensure adequate aeration.
After incubation, the mycelium was separated from the medium by filtration through filter paper on a small Buchner funnel. The mycelium was thoroughly washed with distilled water, air dried and then dried in an oven at 80" for 2 to 3 hr. The different mycelial mats were weighed separately on a Sauter spring balance of 0-2 mg. sensitivity. With the Horowitz-Beadle medium, without any additions, the dry weights of the mycelia were between 18 and 25 mg./tube.
Growth of Neurospora for enzyme preparations. To obtain enough enzyme, the fungus was grown in 2 1. Erlenmeyer flasks containing 500 ml. medium and shaken at 30" for 2 days.
Acetone dry powder preparation. After incubation, the mycelium was collected by filtration; 20 vol. cooled acetone/g. mycelium were added and homogenized for 2 to 3 min. at maximum speed in an M.S.E. Atomix-homogenizer. The acetone was removed by decantation and filtration through a Buchner funnel and the powdered mycelium was dried rapidly on filter sheets, yielding a fine flaky substance; I g. of the acetone dry powder was extracted with 20 ml. 0.05 M-K-potassium phosphate (pH 8.0) for I hr in the cold, centrifuged at 10,000 rev./min. for 15 min. The supernatant fluid was dialysed in the cold against a large volume of the same buffer and served as the GDH enzyme preparation.
Protein was measured by the biuret method modified according to Gornall, Bardawill & David (1949) .
Assay of GDH-activity. The enzymic activity was assayed at 35" by measuring the changes in optical density (o.D.) at 340 mp in a S.P. Unicam Spectrophotometer due to oxidation of the reduced nicotinamide dinucleotide phosphate (NADPH) or to the reduction of NADP. The reaction mixture for glutamate synthesis (forward reaction) contained the following components (unless otherwise stated) in a final volume of 3 ml. : a-ketoglutarate, 20 pmole; ammonium sulphate, 10 pmole; phosphate buffer (pH 7 3 , 0.1 M; NADPH, 300 pg.; enzyme protein, 250 pg. For the reverse reaction the mixture was composed of L-glu, 80 pmole, phosphate buffer (pH 8.3), 0.1 M ; NADP, 300 pg.; enzyme protein, 750 pg. The reaction was started by adding enzyme. The differences in extinction were examined every 15 to 30 sec. for 3 min.
Growth and GDH-activity of N . crassa
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RESULTS
Efect of D-glutamate on growth of Neurospora crassa. D-G~u in the minimal medium inhibited growth; at 0.5 to 1.0 pmolelml. D-glu caused 50 % inhibition over 2 days but less inhibition after 3 days ( Table I) . The strain no. 262 was slightly less sensitive than the departmental culture (strain no. I).
Efect of L-glu and L-glutamine on growth inhibition caused by 0-glu. As Table 2 shows, the growth inhibition by D-glU was overcome by either L-glu or glutamine at 2 to 3 times lower molar concentrations. Table I Eflect of 0-glu on enzymes involved in the metabolism of glutamic acid and glutamine. D-G~u had no effect on glutamine synthetase and y-glutamyl transferase but glutamate dehydrogenase (GDH) activity, as preliminary experiments indicated, was inhibited.
Inhibition of the forward reaction: synthesis of glutamate. Enzymic activity decreased with the increase of the D-g1U concentration; 50 % inhibition was caused at a molar D-glu: a-kg ratio of I : I (Fig. I) . Similar results were obtained with the strain no. 262. Inhibition of the backward reaction: oxidative deamination of glutamate. The reversal of glutamate formation was inhibited by D-glu in a similar manner as the forward reaction (Fig. 2) ; 50 % inhibition was obtained at a ratio inhibitor:substrate of I :2 to 1:4.
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On: Sat, 08 Dec 2018 02:58:54 Efect of ammonia. Increasing the concentration of ammonia hardly affected the inhibition of glutamate synthesis by D-glu: a fivefold increase in the ammonia concentration decreased the inhibition by 10 % only.
Efect of L-glu. In the absence of D-glu, 80pmole L-glu were almost enough to saturate the enzyme (750 pg. protein) : considerably higher concentrations of L-glu caused only a slight increase in activity. Addition of 20 pmole D-glu caused 50 % inhibition, but inhibition was not completely annulled until the L-glu concentration was increased sixfold, to a molar ratio of 24 : I of L-glu : D-glU (Table 3) .
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Efect of 0-glu and L-glu on GDH-formation. The formation of many enzymes is repressed by the presence, during growth, of the product of the enzymic reaction. The NADPH-dependent GDH-activity of Neurospora crassa is repressed by L-glutamate and related amino acids (Sanwal & Lata, 1962a,b) . To find out about the regulatory control of this biosynthetic enzyme the effect of D-glu on GDH-formation was investigated. Table 3 Neurospora crassa no. I was grown in the minimal medium in Erlenmeyer flasks with and without 0.5 mM-D-glu, which caused a 50 % inhibition of growth. After 2 days at 30" the mycelial mats were harvested and extracts prepared as described under Methods. The enzyme preparation from the D-glu-grown culture was almost twice as active as that obtained from the control culture (see below).
To test the effect of L-glutamate and metabolically related substances on GDHformation, Neurospora crassa was grown for 2 days in various media without and medium (rich medium). Preparations were obtained from the cultures and tested for GDH-activity. As Table 4 shows, addition of ~-g l u to the growth medium yielded extracts with considerably lower GDH-activity (25 %) than the controls. The extracts from cultures grown in the rich medium were even less active (15 %) than that of the L-glu-grown culture. On the other hand, extracts from cultures grown on the same medium supplemented with D-glu possessed considerable GDH-activity (Table 4 , Expt. 4). DISCUSSION D-Glutamic acid (D-gh), the unnatural stereoisomer of L-glutamic acid (L-glu), was a potent growth inhibitor for the two Neurospora crassa strains studied, and its inhibition was easily annulled by L-glu or glutamine at 2-5 times smaller molar concentrations. Although cell-free preparations showed no glutaminase activity, it is not certain that the glutamine itself, and not some enzymic degradation product, was responsible for the annullment of the growth inhibition since glutamine did not annul inhibition of GDH-activity (see below).
Much less D-glU was required to inhibit growth than GDH-activity ; growth inhibition was annulled by less than the equimolar L-glu. In contrast, inhibition of the GDHactivity was overcome only by 10-fold or higher molar concentrations of the natural amino acid. The inhibition of growth seems therefore to be non-competitive, due to the production of limiting concentrations of L-glu by the inhibited enzyme; indeed, addition of L-glu, the product of the enzymic reaction, restored growth to its full extent.
In accordance with the findings of Sanwal & Lata (1962 a, b) , formation of NADPHdependent GDH enzyme was repressed by L-glu. Of interest is the finding that D-glu increased GDH-formation. L-G~u, the product of GDH-catalysed reaction, serves as a substrate in the biosynthesis of various amino acids and therefore should be used up rapidly, rather than accumulate in the cell. Thus, repression of GDH-activity can be expected to be pronounced only in a glutamate-containing medium, as was shown in our experiments (Table 4) . D -G~ lowers the availability of L-glu to the fungus and so de-represses the formation of enzyme. D-G~u stimulation of enzyme formation resembles anthranilic acid and 3-methyl anthranilic acid induction of tryptophan synthetase formation (Lester & Yanofsky, 1961) .
